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Abstract
To date, researcheshave show that a variety of diseases and developmental delays, overrepresented in institutionalized 
children, are associated with deprivation conditions of baby homes. The epigenome appears to be a molecular mediator that 
regulates the interaction between the environment and the phenotype. Our preliminary comparative study examined indicators 
of physical development, health status and epigenetic profiles of institutionalized children with typical and delayed 
development from two organizationally different baby homes. The results showed that delayed physical and cognitive 
development is accompanied by changes in the epigenomes of children.
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1. Introduction
Well-established epidemiological findings indicate that children living in institutional care demonstrate 
developmental delays, and that various developmental diseases and disorders are overrepresented in this 
subpopulation of children. About 25% of institutionalized childrenin the first year of lifehave 
disabilities.Congenital anomalies and birth defects, genetic abnormalities and nervous system disorders are most 
prevalent among the causes of disability[1]. Children living in institutional care are characterized by both low 
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indicators at entry (e.g., elevated frequencies of medical and social risk factors) and negative health trajectories 
(e.g., elevated frequencies of infectious and other diseases and developmental delays). Such poor health and 
subnormal developmental trajectories are typicallyassociatedwith various facets of deprivation experienced by 
children residing in baby homes. To date, literature has provided plenty of evidence of a wide range of 
maladaptive outcomes in children who experience early institutionalization, such as delays in physical 
development, deficiencies in cognitive functioning and social-emotional adjustment(see e.g., [2, 3]).At the same 
time, research in the field indicates that these negative effects on children’s development and well-being can be 
partly neutralized byenvironmental enrichment through the placement in a family environment[4, 5] or by 
improving the institutional environment[6, 7].
Althoughthe dynamic association between early social environment and children’s health and development has 
been well-established, the molecular mechanisms that may underlie this association, or mediate this dynamic link 
between environment and phenotype, are still poorly understood. Epigenetic regulation appears to be one of such 
molecular mechanisms. It is known that the epigenome (the combined mechanism of DNA methylation and 
chromatin modification that programs gene expression) mediates the genome’s response to environmental signals, 
modulating the interaction between environmental factors, genetic factors, and phenotype, including health 
outcomes. To date, it has been shown that the epigenome is a dynamic structure that is highly involved in human 
development and aging[8, 9], and the early developmental stages of a child’s epigenetic status may have a 
profound impact on health and well-being in later life[10-12]. Studies connecting the epigenome and environment 
have indicated that epigenetic states might be changed in response to early social experiences, especially 
stressogenic ones[13-15]. Despite the long-term stability of environment-driven epigenetic changes, there is 
evidence that some of these changes might be reversible through the epigenome-environment interplay during 
development[16].
This considerable findings on early social environment, specifically the institutional environment and its role 
in child development, allows us to frame the following hypotheses. First, we predict that social environment may 
influence the developmental trajectories and, as a consequence, may affect developmental outcomes, including 
the health and physical development of children. Second, we assume that such environment-driven changes in 
development might be accompanied by perturbations in the system of epigenetic regulation. Third and finally, the 
institutional environment per se, being heterogeneous in terms of its social-emotional atmosphere, might be a 
good model for investigating groups of children living in different environments.Here we report the results of a
preliminary comparative study of children from two organizationally different baby homes based on 
characteristics of their physical development and health (the structure and the prevalence of diseases), and 
epigenetic states (DNA methylation patterns).
2. Method
2.1. Participants
The study was conducted in two baby homes (BH) in St. Petersburg that differ in how the living and social 
spaces of the children are organized, and on the workload distribution and responsibilities of the BH personnel. It 
has been argued that these changes influence the broader social-emotional atmosphere of baby homes, 
approximating the environment of a family. Specifically, BHA is a BH that reformed itself to resemble a family 
setting with a sizable sibship, where BHB is a BH that still practices pre-reform policies. There were 69 children 
(39 boys and 30 girls) aged 5-59 months, of which 38 resided in BHA (20 boys and 18 girls) and 31—in BHB 
(19 boys and 12 girls). The groups did not differ on the distribution of boys and girls. In terms of their 
developmental profiles, the participants represented three groups: (1) typically developing children (TD group; 
N= 23, mean age 20,78 ± 11,4 mos; 56,5 % of girls.), (2) children with a developmental delay, or children with 
special needs, which had a severe delay in the development of speech, social skills and cognitive functions (SN 
group; N= 26, mean age 22,12 ± 13mos; 42,3 % of girls), and (3) children with delayed development related to 
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a chromosomal abnormality, mostly Down Syndrome (DS group, N=20, mean age 38,60+14,21mos, 30,0% of
girls).Blood sampling for the genetic analysis was performed by an experienced phlebotomist in the medical 
offices of the baby homes. Sampling was carried out with the written consent of the legal guardian of the child. 
Ethical approval for the study was obtained from the Ethics Committee of Saint-Petersburg State University.
2.2. Clinical-Anamnestic Analysis
A number of anthropometrical indicators (height, weight, head and chest circumferences) was collected for 
each child. When analyzing, children's physical development indicators were compared with regulatory 
indicators adopted in the Russian Federation. Children's medical histories were examined, includingheight and 
weight at birth, Apgar score, presence of perinatal pathology, gestation period, the number of days spent on the 
ventilator, and anamnesis vitae.
2.3. Epigenetic Analysis
Genome-wide DNA methylation patterns were investigated in a subsample of 49children (23 TD and 26 SN 
children). The participants with a disorder related to chromosomal abnormalities, such as Down syndrome, were 
excluded from the analysis due to potential effect of the aneuploidy on epigenetic profiles[17].Genome-wide
DNA methylation profiling in peripheral lymphocytes was performed using the Infinium HumanMethylation450 
array[18].For the data analysis the GenomeStudio software (Illumina) was used. The Illumina Background Model 
was applied for the normalization of sample signals, with a detection p-value threshold .01. The probes with
known SNPs and probes located on gender chromosomes were removed from the analysis.A set of differential 
methylation analyses (DMA) was performed between groups of children.For the DMAthe Illumina Custom 
Model was applied. The targets, showing a significant difference in methylation level (fold change > 1.2 at a p<
.01 after the FDR adjustment) were considered to be differentially methylated sites (DMES)[18]. To identify 
functional relationships between differentially methylated genes (DMEG) we applied well-established GO
annotation and classification tools(http://cbl-gorilla.cs.technion.ac.il/) and (http://www.pantherdb.org/).
3. Results and Discussion
3.1. Analysis of physicaldevelopment and morbidity
With regard to the children’s medical histories, analyses of medical records indicated that >70% of children 
had perinatal pathologies of the CNS of various etiology, 24,6% were prematurely born. Specifically, 39.1% had 
various organic deficiencies of the CNS of differentseveritywith no known genetic etiology and 26.1% had 
known genetic syndromes (mainly Down syndrome). More than 30% of the children had bronchitis or 
pneumonia; more than 80%—viral respiratory infections. Finally, approximately 50% of children were found to 
be underweight and 17.4%—stunted.These findings are consistent with those of other authors on a higher 
children morbidity in infant orphanages compared with children from families  [19].
The results indicated that as a group, the children living in BH had anthropometrical indices that differed
substantially from the existing norms of children growing up in the Russian Federation (ɪ0,001). As a result of a 
three-factor covariance analysis, we obtained data on the effect of the CNS disorders on physical development (F 
(10,104) = 3,381, ¨2 = 0,245, *** p = 0.001). Thus, children who did not have the CNS and genetic disorders
showed the indicators of the physical development higherand less different from the standard—byweight (*** p 
<0.001 and p = 0.038 *, respectively), by height (*** p <0.001 ** p = 0.007), by head circumference (* p = 0.018 
and p = 0.001 ***), and chest circumference (** p = 0.003 and p = 0.068, respectively)—than children with 
organic and genetic disorders. Also, body mass index was higher with a trend towards significance of differences 
in children without disorders in comparison to children with organic disorders (p = 0.086). Analysis of 
dependence of physical parameters on the children's age showed that institutionalised children fall short of the 
228   Oxana Naumova et al. /  Procedia - Social and Behavioral Sciences  233 ( 2016 )  225 – 230 
normal indicators of height and weight for their age (** p = 0.008 and p = 0.006 **).A significant correlation 
between children's weight at birth and their weight at the examination (r = 0,429; *** p <0.001) was found.
When infant orphanages were compared according to the prevalence of congenital developmental disorders, 
disease patterns and physical development parameters, no significant differences were found.
3.2. Analysis of epigenetic patterns in children raised in different BHs and children with different developmental 
profiles, typical and delayed
First of all, we compared the groupsof children raised in different baby homes, the BHA vs. BHB groups. The 
DMA did not show a significant difference in the methylation patterns between these groups. We assume that the
overrepresentation of children with significant developmental deficits of various etiologies in these BHsmay 
affect the analysis.Specifically, the association between epigenetic patterns and various developmental 
impairments mayincrease the heterogeneity of methylation patterns within each group and this may, in turn, 
reduce the power of intergroup analysis. We assume that the exclusion of participants with atypical, or delayed, 
development would increase the power of the analysis and result in significant findings. Unfortunately, we could 
not confirm this assumption in our preliminary study, since excludingchildren with atypical development 
dramatically decreases our sample size to 12 and 14 participants per BHA and BHB group, respectively. We hope 
that this assumption might be verified in further research based on an extended sample.
Second, we compared the group of typically developing children with the group of children with 
developmental delays of varying severity and etiology;thisallowed us to uncover common “non-environmental” 
epigenetic marks of delayed development.We identified 1232 DMES in genomes of SN children in comparison 
to TD children. Of these 1232, 322 DMES were significantly hypomethylated and 910 (or approximately 74 %) 
DMES were hypermethylated in the SN group. Thus, the results of DMA indicated that there is a significant 
difference in the methylation patterns between TD and SN children. Specifically, most of these differences 
werehypermethylation events in the genomes of children that exhibited developmental problem. Herewith, an 
increase in methylation predominantly occurs within the genomic loci that were found to be unmethylated or
showing low methylation in the genomes of TD children.
In terms of location in the genome, these 1232 DMES were related to 843 genes, 214 of them were 
hypomethylated and 629 were hypermethylated in the SN group. GO annotation and overrepresentation tests did
not show a functional relationship between the downmethylated genes, whereas few pathways were significantly 
overrepresented among the genes upmethylated in the SN children. Namely, genes involved in two interrelated 
[20-22] cellular signaling systems—the Wnt and Cadherin signaling pathways—were especially (in 2-4 times) 
overrepresented in the list of upmethylatedgenes and, as a consequence, were presumably downregulated, in the 
genomes of children with developmental delays.Both, the Wnt and Cadherin signaling pathways are involved in 
such fundamental molecular and cellular processes, as regulation of transcription, cell-cell adhesion, cell 
differentiation and migration. They play a key role in the function and development of tissues and organs and, 
especially, in the nervous system development [20-25].Moreover, genes controlling this pathway are known to be 
involved in a broad spectrum of disorders, including such developmental disorders as ASD [26]. As a 
consequence, a disturbance in the regulation of these pathways may be associated with a spectrum of 
developmental impairments manifested in a severe delay in the development of speech, social skills and 
cognitive functions.
4. Conclusions
The results of our study of the characteristics of physical development and health of institutionalized children 
confirm well-established findings in the literature that children living in institutional care demonstrate 
anthropometric developmental delays, and that various developmental diseases and disorders are overrepresented 
in this subpopulation of children. Despite a lack of significance in the results of our preliminary comparative 
analysis of children across different institutions, our work is one of the first studies that postulate that the 
institutional environment per se might be considered as inhomogeneous social-emotional environment and this 
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variety, in turn, may influence the developmental trajectories and outcomes of these children, including their 
physical development. Another novelty of our study is a special focus on the molecular mechanisms that may 
underlie phenotype development, namely, on the epigenetic mechanisms that may mediate and modulate the 
developmental cascades of children. Our study provides the first evidence that various developmental disorders 
of the CNS, manifested as significant delays in the development of cognitive functioning, may be accompanied 
bysignificant disturbances in the epigenome. And the tip of the iceberg of such disturbances may be an alteration 
in the system of genes controlling the wnt\cadherin signaling pathway.
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